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Laval Nozzle, P =5.2[MPa], T =805[K]
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QUASI-ONE-DIMENSIONAL STEADY FLOW EQUATIONS OF ABITARY FLUID
AND ITS APPLICATION TO THE COMPRESSIBLE FLOW OF SUPERCRITICAL
HYDROCARBON FUEL

Di CHENG!

Xuejun FAN'?

(1 Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, CAS, No.15 Beisihuanxi Road, Beijing 100190, China)

(2 Hypersonic Research Center CAS, No.15 Beisihuanxi Road, Beijing 100190, China)

Abstract

Based upon equilibrium thermodynamics, the

differential equations of single phase,

quasi-one-dimenstional, steady flow were formulated for arbitrary fluid to study its flow characteristics. Then It is

proved that the maximum momentum at the outlet of a nozzle coincides with flow Mach number +/2 to abitary

fluid, when the stagnation parameters unchanged. Next, the relation between the variation of total temperature

after shockwave and the Joule-Thomson coefficient is proved. At last, numerical methods were developped,



combined with Supertrapp themodynamics software, to simulate the supercritical hydrocarbon fuel’s flow in
Laval nozzle with shockwave. N-dodecane as selected as an example. The results indicates that if supercritical
hydrocarbon fuel’s thermodynamic state resides sufficiently far from critical point, its isentropic flow

characteristics agree with ideal gas dynamics qualitatively.

Key words non-ideal gas dynamics, quasi-one-dimensional compressible steady flow, supercritical,

hydrocarbon fuels, Laval nozzle



